In natural populations, quantitative trait dynamics often do not appear to follow evolutionary predictions: Despite abundant examples of natural selection acting on heritable traits, conclusive evidence for contemporary adaptive evolution remains rare for wild vertebrate populations, and phenotypic stasis seems to be the norm. This so-called 'stasis paradox' highlights our inability to predict evolutionary change, which is especially concerning within the context of rapid anthropogenic environmental change.
Introduction between body mass m and fitness ω, measured as relative lifetime reproductive success 142 (rLRS)) is equal to the sum of the additive genetic and environmental covariances 143 between mass and fitness (σ A (m, ω) and σ E (m, ω), respectively [14, 53, 54, 58, 59] , it 144 follows that because σ P (m, ω) is positive and σ A (m, ω) is negative, the environmental 145 covariance must be large and positive (Fig 2B LRS) . In other words, while 146 environmental conditions that make voles heavy (for instance abundance of food or lack 147 of parasites) also make them successful at reproducing and surviving, there is no causal 148 positive relationship between breeding values for mass and fitness. It is this difference in 149 sign between σ A (m, ω) and σ E (m, ω) that represents an extreme violation of the 150 assumption of the breeder's equation that σ A (m, ω)/V A = σ E (m, ω)/V E [44] . Hence, 151 our initial prediction of evolution based on phenotypic estimates of selection was wrong, 152 illustrating how these may provide severely biased predictions of the evolutionary 153 trajectories of wild populations. But why is evolution taking place in a direction that is 154 opposite to apparent phenotypic selection? 155 Indirect selection may be acting on body mass through one or more traits genetically 156 correlated to mass [36, 38] : a positive selective pressure on a negatively correlated trait 157 (or a negative selective pressure on a positively correlated trait) would indirectly select 158 for lower mass. However, the genetic correlations among the three morphological traits 159 for which we have data-body mass (m), body length (b) and tail length (t)-are all table S1 ). Hence, the predicted response based on 163 the multivariate breeder's equation (Fig 2A MBE, Multivariate Breeder Equation) is 164 very similar to that based on its univariate counterpart (Fig 2A UBE) , as well as to that 165 based on a multivariate breeder's equation constraining the correlations to zero (Fig 2A 166 MBE ρ=0 ). Therefore, the genetic correlations among the traits considered do not 167 constrain the evolution of body mass and do not explain the trend towards lower body 168 mass. To test whether parent-offspring conflict between size and fertility might be 169 constraining the evolution of size, we furthermore estimated the genetic correlation 170 between juvenile size and adult annual reproductive success, which should be negative 171 for it to provide a constraint [43] . Although we were not able to incorporate all sources 172 of uncertainty into the estimation of this correlation (see Methods), our best estimate 173 7/31 was 0.21, 95%CI [−0.24; 0.74]), which argues against a major role for a trade-off between 174 fertility and offspring size in driving the observed evolution toward smaller sizes.
175
To pursue the possibility that the counter-intuitive direction of evolution was due to 176 selective pressures directly acting on body mass, we first tested which fitness component 177 is negatively associated with genes for being heavy. Computing sex-and age-specific 178 genetic covariances between mass and fitness components revealed that whereas the 179 genetic covariances between mass and both relative annual reproductive success and 180 adult survival are close to zero in both sexes ( Fig 2B) Juvenile mass covaries positively with both within-and between-year survival 190 (p = 0.009 and p = 1.3 × 10 −6 , respectively). However, juveniles can only be captured 191 when they first leave their burrow, at an age of approximately three weeks [61], when 192 they weigh 12 to 20 g. They may however continue to be captured until the end of the 193 season, when they can reach weights of up to 50 g. Because of growth, mass 194 measurements are therefore not directly comparable among juveniles of different ages. 195 Indeed, at least part of the positive phenotypic relationship between juvenile mass and 196 survival probability is likely to be mediated by the fact that both increase with age [62] . 197 In addition, viability selection introduces non-random missing data, which further biases 198 estimates of viability selection on mass [62, 63] . Therefore, the positive phenotypic 199 association between juvenile body mass and survival is unlikely to be the result of an The (co)variance decompositions presented above have the advantage that they do 203 not make causative statements. For example, a genetic covariance describing the rate of 204 evolution has a self-contained, tautological, meaning and does not make any assumptions 205 8/31 with respect to its causes [64] . However, if we are to identify the target of juvenile 206 viability selection, we must adopt a more traditional hypothesis testing framework. This 207 is somewhat complicated by our relatively poor understanding of snow vole biology, 208 much of which takes place below the rocks or the snow, and the impossibility to carry 209 out manipulative experiments in a natural setting. Although this means that the 210 scenario detailed below is in part speculative, it is well-supported by our data. 211 We hypothesised that juveniles with a low potential adult mass, i.e. juveniles that 212 will grow up to be relatively small adults (if they survive), require less time to reach 213 their adult size. Furthermore, when the period favourable for growth is limited, and reproduction starting on average 40 days after the snow has melted (SE 4.5, 234 p = 4 × 10 −5 ) ( Fig 3B) . As a consequence, juveniles only have a limited amount of time 235
to grow and reach their adult mass before the return of winter. As growth rate and ). This implies that 243 individuals born closer to the first snowfall are more strongly selected for a low adult 244 mass, and that the length of the snow-free period in a given year determines the total 245 selection experienced by the population in that year.
246
At our field site, the length of the snow-free period in the years 2008 to 2014 has 247 been significantly shorter than during the preceding seven years ( Fig 3C) . The latter years, the snow-free period was much shorter, and there was selection for a lower 254 predicted adult mass (β = −0.10, SE=0.0008, p MCMC =0.009). This suggests that the 255 shortening of the snow-free season, and thereby selection for lower predicted adult mass, 256 is a novel phenomenon that the population is currently in the process of adapting to.
257
Assuming that the additive genetic variation in potential adult mass is similar to the 258 additive genetic variation in mass (4.34 g 2 , see above), the breeder's equation because at their first capture as a juvenile they were too small to receive a PIT. Over 306 the study period we obtained 3382 captures of 937 individuals (see Fig SI5) . All the the genotypes that can be produced by all possible pairs of males and females. We 315 retrieved the combinations having two or less mismatches (out of 18 loci) and ensured 316 that parental links were not circular and were temporally consistent. This way, we 317 identified eight young females as mothers of animals born in the same year, with a 318 known father but a mother not previously identified. All of these females were relatively 319 heavy (>33 g) at the end of the season and their home-ranges matched those of their 320 putative offspring. Finally, the pedigree was checked using a polymorphic Y-linked locus 321 developed for this population [73], as well as a fragment of the mitochondrial DNA 322 control region, amplified using vole specific primers [74] . There were no inconsistencies 323 between the transmission of these three markers and the reconstructed pedigree. first year, plus one due to the reproduction of a few females in the same year they were 328 12/31 born) and a mean depth of 3.8 generations. The pedigree consists of 987 individuals 329 (more than the number of captured individuals because the pedigree contained the 330 unobserved parents of some full-siblings that could be reliably inferred), 458 full-sibling 331 pairs, 3010 half-sibling pairs, 764 known maternities and 776 known paternities, so that, 332 excluding the base population, 86% of the total parental links were recovered.
333
Traits. The recapture probability from one trapping session to the next was 334 estimated to be 0.924 (SE 0.012) for adults and 0.814 (SE 0.030) for juveniles using 335 mark-recapture models. Thus, with three trapping session a year, the probability not to 336 trap an individual present in a given year is below 10 −3 . Not surprisingly, no animal 337 was captured in year y, not captured in y + 1, but captured or found to be a parent of a 338 juvenile in y + 2 or later. Therefore, capture data almost perfectly matches over-winter 339 survival. However, as is almost always the case in these type of studies, we are unable to 340 separate death from permanent emigration. Importantly however, as both have the same 341 consequences on the population level, this does not affect our evolutionary predictions. 342 Annual and lifetime reproductive success (ARS and LRS, respectively) were defined 343 as the number of offspring attributed to an individual in the pedigree, either over a 344 specific year or over its lifetime. 56 individuals born of local parents were not captured 345 in their first year, but only as adult during the next summer, probably because they 346 were born late in the season and we had only few opportunities to catch them. This 347 means that we miss a fraction of the juveniles that are not observed in their first year 348 and die, or emigrate, during the following winter. We acknowledge that this means that 349 our measures of ARS and LRS partly conflate adult reproductive success and the 350 viability of those juveniles that were never observed, but our measures are the most 351 complete measures of reproductive success available in this system.
352
In order to estimate total selection, we used relative LRS (ω) as proxy for In order to integrate the uncertainty in the estimation of selection with the
where A is the relatedness matrix describing the relatedness among all individuals, and 428 σ 2 A (m) is the additive genetic variance in body mass. For univariate animal models for 429 each random effect we used a vague proper prior with the variance parameter set to 1 430 and the degree of belief set to 0.002.
431
Multivariate models: Univariate animal models can be expanded to multivariate 432 models in order to estimate genetic correlations, genetic gradients and genetic 433 differentials between body mass (m), body length (l), tail length (t) and fitness (ω).
434
[m, l, t, ω] ∼ bX + D 1 a + D 2 µ + D 3 p + D 4 y + Ir.
(3)
The fixed part of the model matches that used for each trait in univariate models. We 435 used parameter-expanded priors for the variance components in order to facilitate . We assumed a Gaussian distribution for 443 fitness so that covariances between traits and fitness could be directly interpreted as 444 selection differentials [76] .
445
The matrix of breeding values (a) here follows a multivariate normal distribution:
where A is the relatedness matrix describing the relatedness among all individuals, and 447
G is the G-matrix, containing the additive genetic variances and covariances among all 448 traits.
For any trait z, σ A (z, ω) is the genetic differential, that is, the predicted rate of For two traits z and y, the genetic correlation is σ A (z,y) σ A (z)σ A (y) . The vector of selection 462 differentials on the three traits (S) was estimated as the sum of the vectors of 463 covariances between traits and ω in the variance-covariance matrices for a, p, m and r; 464 which was equivalent to the selection differential computed in the paragraph on involving ω were effectively zero (σ 2 Y (ω) < 10 −8 ).
478
To investigate the potential role of parent-offspring conflict, we estimated the genetic 479 correlation between parental ARS and offspring mass using a bivariate animal model.
480
For juvenile mass, we used predicted adult mass (i.e. age-corrected juvenile mass; see To decompose selection components into environmental and genetic covariances (as 487 presented in Fig 2B) we fitted models like the one described in equations ( assuming that the standard deviation of the errors was that observed in animals 514 measured multiple times on the same day (2.05g). In order to estimate the overall 515 viability selection on predicted adult mass, we performed within the model a logistic 516 regression of year-to-year survival on sex and predicted adult mass. In order to test for 517 the effect of the length of snow free period on the selection on predicted adult mass, we 518 reran the full model including time until the first snow fall and its interaction with 519 predicted adult mass in the logistic regression. We use the estimates of these two 520 models to predict the survival probability as a function of predicted adult mass for 521 every year, or for groups of years, depending on the distribution of birth dates and on 522 the timing of the first snow fall.
523
Three MCMC chains were run for 6,300,000 iterations, with a burnin of 300,000 and 524 a thinning of 6,000. Convergence was assessed by visual examination of the traces, and 525 by checking thatR < 1.01. Convergence was not achieved for the litter affiliations of 25 526 individuals as well as for one predicted adult mass, thus introducing a bit more 
